SUMMARY
Using isolated, blood-perfused atrium preparation of the dogs, the effect of stretch on sinus rate was studied in 11 preparations.
Stretching usually produced sinus acceleration in all 11 spontaneously beating atria. Within a range of 0-30Gm, greater degrees of stretch produced greater degrees of sinus acceleration.
During maintained stretch sinus rate slightly reduced but not to the control rate.
On release from stretch sinus rate immediately returned to the control rate, and there was occasionally a slowing to rates lower than control in verapamil treated preparations. Atropine, adrenergic beta-receptor blocking agents, propranolol and carteolol, verapamil, and tetrodotoxin did not greatly modify responses to stretching.
Additional
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Isolated dog atrium Stretch-induced sinus acceleration SA node Isometric tension Verapamil Tetrodotoxin T has been reported that right atrial distension causes the changes in heart rate.1) Blinks2) observed that an increase of heart rate, in response to an increase in right atrial pressure, occurred in the isolated dog heart and in the isolated atrial preparation of the rabbit. In 1966, Brooks et al3) studied the response of the in situ dog heart to external stretch of the sinoatrial (SA) node region and described that stretching produced cardiac acceleration regardless of basal rates. Lange et al4) also confirmed that stretch-produced acceleration is due to a direct action of stretch on pacemaker cells by means of the isolated cat SA node. Because the general pattern of response of the tissue is not affected significantly by neuromediator depleting agents or blockers such as atropine, propranolol, and hemicholinium.4),5) In the present study, it was attempted to investigate the response of the isolated right atrium to external stretch, using the isolated, blood-perfused dog atrium preparation.6),7) Moreover, whether tetrodotoxin and verapamil modify the responses to stretch was examined. Vol.18 No. 3 
MATERIAL AND METHODS
Eleven mongrel dogs weighing from 10 to 15Kg were anesthetized with sodium pentobarbital, 30mg/Kg, i.v. The right atrium was quickly removed and plunged into a Tyrode solution at about 410.
The isolated right atrial muscle was perfused with arterial blood through a cannulated sinus node artery. The blood was led from a carotid artery of a heparinized support dog under constant pressure of 100mmHg by aid of a peristaltic pump (Harvard Apparatus 1210). The isolated atrium was suspended in a bath filled with blood at constant temperature of 37.
The lower end of the atrial muscle of the ventricular side was fixed by sewing at 2 sites in a specially designed stainless steal bar as shown in Fig.1 .
The upper end was securely tied with silk thread which was connected directly to a force displacement transducer (Grass FTO3B) with the micrometer used for stretching the tissue. The stretch of the preparation was produced by turning the micrometer knob and the magnitude of stretch was determined by tension change. Sinus rate was continuously recorded with a tachometer (Nihon Kohden RT-5) which was triggered by the action potential wave of atrial electrograms, and isometric tension development was measured. Details of the isolated, blood-perfused dog atrium preparation are described in previous papers.6),7)
The volume of drug solution injected was 0.01 to 0.03ml in a period of 4sec. Drugs used in this study were dl-norepinephrine hydrochloride (Sankyo), acetylcholine chloride (Daiichi), tetrodotoxin (Sankyo), dl-verapamil (Isoptin hydro- chloride, Knoll AG), propranolol hydrochloride (Sumitomo Chemicals) , and carteolol hydrochloride (Ohtsuka Seiyaku).
RESULTS
Stretch-sinus rate relationship: All atrial preparations continued to beat spontaneously when they were perfused with arterial blood led from a carotid artery of the support dog. The sinus rate just after the beginning of blood perfusion was 40-70beats/ min, and gradually increased to approximately 100beats/min within 20-60 min. As reported previously, 1 hour after the beginning of perfusion, sinus rate and developed tension were satisfactorily stable. The intrinsic rate in 11 preparations ranged from 95 to 120beats/min. Stretch of the isolated atrium resulted in a more rapid rate of beat. The degree of acceleration in the same preparation was directly related to the magnitude of stretch in a range of 0-30Gm of tension. Fig.2 shows the changes in rate during various degrees of stretch in a typical experiment. The change in rate was attained within 5-20 sec and could then be stabilized at a certain level by either raising or reducing stretch. Stretch produced by a 15Gm weight accelerated the rate from 110 to the equivalent of 140beats/ min as shown in Fig.2 . Summarized data are shown in Table I . When the tension was maintained for longer intervals, slightly rate decreased initially and then became constant in the higher level than control as shown in Fig.  3 . There was no difference in effects of quick stretch and stepwise stretch for inducing maximum acceleration as shown in Fig.4 .
Effects of atropine, propranolol or carteolol, tetrodotoxin, and verapamil on stretch-induced sinus acceleration:
When atropine was injected into the sinus node artery, slight positive chronotropic and inotropic effects were induced. A relatively large amount of 100g of atropine in 2 trials did not show significant effect on the stretchinduced sinus acceleration.
An adrenergic beta-receptor blocking agent, propranolol, blocked the positive chronotropic and isotropic effects induced by norepinephrine but not the stretch-induced sinus acceleration in 3 preparations. Fig.5 shows that carteolol, a beta-blocker, completely blocked norepinephrine-induced positive chronotropic and inotropic effects but it did not modify the stretch-induced Absence of blocking effect of tetrodotoxin (TTX) on the stretchinduced sinus acceleration. sinus acceleration. When tetrodotoxin was injected into the sinus node artery, negative chronotropic and inotropic effects were induced. Fig.6 demonstrates that 3g of tetrodotoxin itself produced a depressive effect on sinus rate but did not abolish the stretch-induced sinus acceleration. This amount of tetrodotoxin completely blocked the effect of electrical stimulation of autonomic nerve fibers. When verapamil was injected into the sinus node artery, marked negative chronotropic and inotropic effects were induced as reported previously. Fig.7 shows that 3g of verapamil causes strong suppression of the sinus rate and developed tension but it does not modify the stretch-induced sinus acceleration. In this case, there is a slowing to rates lower than control after treatment with verapamil. Summarized data of effects of verapamil are shown in Table II. DISCUSSION Previously, the effect of stretch on the isolated SA node tissue was studied on preparations from cat and rabbit hearts which were perfused with oxygenated Tyrode solution.4) In the present study, the blood-perfused isolated canine atrium preparation was used. The general pattern of the rate change in response to stretch is almost similar to that in the experiments on isolated rabbit and cat hearts. On release of tension, the sinus rate generally decreased and in most instances there was a temporary undershoot to rates slightly slower than the original intrinsic rates in rabbit and cat hearts.4) However, in this study, with release from stretch, all trials never showed a decrease in sinus rate to a level below the control rate in all non-treated preparations. In isolated rabbit and cat hearts, a single quick stretch always produced a greater acceleration than a stepwise stretch applied.4) However, in this study, there was no difference between values of acceleration by a quick stretch and by a stepwise stretch. These different results may be due to different procedures. In the present study, the constant pressure perfusion was performed and the intrinsic rate in all experiments ranged 95 to 120 beats/min which is similar to physiologic heart rate of dogs, but in isolated rabbit and cat hearts the preparation was perfused with oxygenated Tyrode solution and the intrinsic rate in 13 preparations ranged from 69 to 220 beats/min which is markedly different from the physiologic heart rate.
Jap. Heart J. M ay, 1977 Verapamil has been demonstrated to primarily block the slow inward calcium current in mammalian ventricular muscle fibers10) and canine cardiac Purkinje fibers.11) In the present study, verapamil, in doses which caused prominent suppression of sinus rate and developed tension, did not significantly modify the stretch-induced sinus acceleration. Thus, it seems likely that calcium ions are not a main role on the stretch-induced sinus acceleration.
Kaufmann and Theophile12) found that membrane resistance in a monkey Purkinje fiber is actually decreased by stretch and concluded the acceleratory response is probably due to an increase in sodium permeability. In the present study, stretch-induced sinus acceleration was not influenced by treatment with tetrodotoxin, which is a specific inhibitor of the sodium carrier system of excitable tissue.13),14) Therefore, it is still hard to recognize whether the stretch-induced sinus acceleration is due to an increase in sodium permeability or not.
In the present study, the stretch-induced sinus acceleration was not influenced by autonomic neuromediator differing from the results in the in situ dog heart.3) This is due to complete isolation of the heart from extracardiac factors in this study.
According to James and Nadeau,15),16) tension on the SA nodal cell is constantly influenced by the condition of the sinus node artery, because of the special arrangement of the SA nodal cells around the sinus node artery and because of the relationship between the SA nodal cell and the artery via the attachment of collagen to both the nodal cells and the arterial wall.17) Hashimoto et al18) demonstrated a reciprocal relation between changes of blood pressure in the sinus node artery and the sinus rate. Therefore, it seems likely that the stretch-induced sinus acceleration may be identical to an increase in rate by reducing of perfusion pressure of the sinus node artery.
